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Research highlights
 Phenolic compounds were recovered, concentrated and purified from artichoke wastewaters  Artichoke wastewaters were clarified by UF with tubular ceramic membranes  The UF permeate was concentrated by NF with a spiral-wound polymeric membrane  Macroporous resins were tested to produce purified phenolics from the NF retentate  Samples were analysed for total antioxidant activity, sugars and phenolic compounds Artichoke wastewaters were clarified in selected operating conditions according to a 149 batch concentration configuration (permeate is collected separately and retentate is 150 recycled to the feed tank). In particular, the UF system was operated at a transmembrane 151 pressure (TMP) of 430 kPa, an axial feed flow rate of 4,000 L/h and a temperature of 152 25°C. Experimental runs were performed in triplicate. Permeate flux data were 153 expressed as mean ± SD. 154
After each experiment the membrane was cleaned by using a 0.2% NaOH solution at 155 40°C for 1 h. Then the system was rinsed with tap water for 30 min. 156 157
Nanofiltration 158
The clarified artichoke wastewaters were submitted to a NF process performed by using 159 a laboratory plant supplied by Matrix Desalination Inc. (Florida, Usa). The equipment 160
consists of a feed tank with a capacity of 20 liters, a stainless steel housing for 2.4x21 161 inches spiral wound membrane module, a high pressure pump, two pressure gauges (0-162 4000 kPa) for the control of the inlet and outlet pressures, a pressure control valve and a 163 coiling cool fed with tap water used to maintain the feed temperature constant. 164
The plant was equipped with a NF spiral wound membrane module (Filmtec NF 270) 165 supplied by Dow Chemicals (Minneapolis, USA) whose characteristics are reported in 166 After the artichoke wastewater treatment, the NF membrane was cleaned with a 0.05 % 177 (w/w) NaOH solution at 40°C for 1h. Then the system was rinsed with tap water for 30 178 min. 179
The effect of the UF and NF processes on the recovery of bioactive compounds was 180 measured by the rejection (R) rate according to the following equation: 181
where C p and C f are the feed and permeate concentration of compounds of interest. 183 184
Polyphenols purification by resin adsorption 185

Adsorbents 186
The final retentate of the NF process was processed by using three different 187 macroporous resins based on polystyrene (Lewatit S 6328 A, Lewatit S 2328 and 188 Lewatit S 7968) from Lanxess (Leverkusen, Germany). The S 6328 A is a strongly 189 basic, macroporous anion exchange resin; the S 2328 is a food grade strongly acidic, 190 crosslinked macroporous cation exchange resin and the S 7968 is a macroporous 191 uncharged adsorbent resin (without fuctional groups). 192
The characteristics of the selected resins are reported in Table 3 
Quantification of the adsorption and desorption ratios 216
The adsorption ratio was calculated as adsorbed weight/feed weight (%), while the 217 desorption ratio was calculated as desorbed weight/adsorbed weight (%) of the analyzed 218 polyphenols, CA and AOG. 219
For the calculation of the feed and adsorbed weight of CA and AOG, the concentration 220 of the feed and the effluent samples during the adsorption process was plotted against 221 the volume passed through the column. The area under the feed line was the weight 222 passed by the column whereas the area under the effluent samples meant the weight of 223 CA or AOG do not adsorbed. The CA and AOG adsorbed weight was calculated as the 224 difference of these feed and non adsorbed areas. In the desorption process, the CA and 225 AOG desorbed weight was directly calculated as the area of the effluent samples vs. 226 volume of ethanol-water passed through the column. 227
The total adsorption-desorption yield (TADY) was calculated as the product of both 228 adsorption and desorption ratios. To normalize and compare results obtained for the 229 investigated macroporous resins the total adsorption-desorption capacity for each resin 230 was expressed as TADY/weight of resin (%/g). Moreover, to reduce the effect of the 231 moisture content of resins, total adsorption-desorption capacities were expressed in 232 terms of the dry weight of resins. 233 234
Analytical evaluations 235
Suspended solids 236
The suspended solids content was determined by centrifuging at 2000 rpm for 20 min, 237 10 mL of a pre-weighted sample; the weight of settled solids was determined after 238 removing supernatant. 239 240
Total soluble solids (TSS) 241
Total soluble solids (TSS) were measured by using a hand refractometer (Atago Co., 242
Tokyo, Japan) with scale range of 0-32 °Brix. 243 244
Identification and quantification of polyphenols compounds by HPLC 245
The content chlorogenic acid and apigenin-7-O-glucoside was determined by a Waters 246
Alliance 2695 (Milford, MA, USA) HPLC system, equipped with a vacuum degasser, a 247 binary pump, an autosampler, a thermostated column compartment, a model 2996 diode 248 array detector (DAD) and a Empower software (Waters Corporation, Milford, Ireland) 249 for data collection. 250
Chromatographic separation was performed by using a Luna C 18(2) column 251 (250×4.6mm, 5µm, Phenomenex, Torrance, CA, USA). The mobile phase consisted of 252 0.1% of HCOOH in water (eluent A) and 0.1% of HCOOH in acetonitrile (eluent B). 253
The following gradient system was used: 0 min, 90% A and 10% B; 30 min, 50% A and 254 50% B; 35 min, 0% A and 100% B. Analyses were stopped after 50 min. The system 255 was equilibrated between runs for 10 min using the start mobile phase composition. The 256 flow was maintained at 1 mL/min and the injection volume was 10 µL. Diode array 257 detection was between 200 and 600 nm. 258
Prior to HPLC analysis, all samples were filtered by using 0.45 µm nylon filters. All The NF membrane showed also a high retention towards glucose, fructose and sucrose. 
Selection of macroporous resins for the purification of phenolics compounds 382
The moisture content for S 2328, S 6328 A and S 7968 adsorption resins was of 383 67.3±1.6%, 48.6±1.7% and 61.3±1.6%, respectively. The different tested resins showed 384 different results in terms of adsorption ratio and desorption ratio of the analyzed 385 polyphenols (chlorogenic acid and apigenin 7-O-glucoside). 386
According to data reported in Table 5 , the macroporous S 7968 resin presented the 387 highest adsorption ratio for both CA and AOG (81.35% and 100%, respectively). 388
Adversely, the S 2328 resin showed the lowest adsorption ratios (26.65% for CA and 389 85.70% for AOG), while the S 6328 A resin showed a low adsorption ratio (38.38%) for 390 CA and a high adsorption ratio (99.88%) for AOG. The low adsorption ratio of the S 391 2328 resin may be explained assuming that the low affinity of the analyzed compounds 392 with cation exchangers. Kammerer et al. [44] showed a low binding rate of phenolic 393 compounds, particularly cholorogenic and caffeic acids, with a cationic Lewatit S 2328 394 resin as compared to the anion exchange and adsorbent resins. 395
Results related to the desorption process of CA and AOG by elution with 70% 396 ethanol/water are also reported in Table 5 . For CA, good desorption ratios, between 397 72.74 and 77.92% were detected for all the investigated resins. For AOG the range of 398 desorption ratios was wider (20.78-91.54%) than that observed for CA, with the S 2328 399
resin showing the highest desorption ratio. 400
Regarding the total adsorption-desorption yield, for the CA it was found that the S 7968 401 resin showed the highest performance (63.39%), while the worst TADY was given by 402 the S 2328 resin (19.40%). For the AOG, the S 6328 A was by far the resin with lowest 403 TADY (20.76%), while S 2328 and S 7968 resins, showed not very different 404 performances (78.45% and 68.31%, respectively). In Table 5 are also listed the TADY 405 results in wet and dry basis. According to these data, the S 6328 A resin presented the 406 lowest TADY (d.b.) for both CA and AOG. The S 2328 resin gave the best performance 407 for AOG but it cannot be selected for CA. On the other hand, the S 7968 resin could be 408 considered suitable for the recovery of both CA and AOG. 409 Table 6 shows the content of sugar compounds in the NF retentate and in the desorbed 410 fractions of each investigated resins. As it can be seen sugar compounds were quite 411 totally recovered in the desorbed fraction independently on the type of resin. 412
According to these results and considering a NF retentate volume to be treated of 1 L, 413 two options based on the sequential use of both S 2328 and S 7968 resins were 414
proposed for the recovery of CA and AOG. In both cases, some amount of polyphenols 415 get retained by resin matrix (less than 25%). For the first option (Figure 6a 
